Subcellular distribution of p21 and PCNA in normal and repair-deficient cells following DNA damage.
The p21 protein binds to both cyclin-dependent kinases (Cdks) and the proliferating cell nuclear antigen (PCNA). In mammalian cells, DNA damage results in an increase in the level of p53 protein, which stimulates expression of the gene encoding p21, which in turn leads to an inhibition of Cdk activity. Biochemical studies have shown that the direct interaction between p21 and PCNA blocks the latter's function in DNA replication but not in DNA repair. In addition to the p53-dependent damage response, the stimulation of quiescent cells with serum can also cause a p53-independent elevation in p21 gene expression. It is not clear, however, whether the induction of p21 protein under these two circumstances serves the same purpose. In this study, we have investigated the kinetics of p21 induction by DNA damage and serum stimulation and the consequent effects on cell-cycle progression. Using both normal and repair-deficient human cells, we have also analyzed the nuclear distribution of p21 in relation to that of PCNA. In vivo immunofluorescence staining experiments indicate that, following UV damage, DNA repair is not inhibited by the presence of a large amount of p21 protein in the nucleus; in contrast, cells undergoing DNA replication during S phase contain very low amounts of p21. The addition of serum induced a transitory elevation of p21 levels, whereas UV damage to cells resulted in a sustained, high level of p21 that was more tightly associated with the nuclear structure. Interestingly, cells deficient in global nucleotide excision-repair displayed a distinct pattern of detergent-insoluble p21 that co-localized with PCNA. The in vivo studies presented here, which are consistent with our previous findings in vitro, indicate that p21 has a differential effect on DNA replication and DNA repair, and that the induction of p21 by serum and DNA damage may have different consequences. Furthermore, the co-localization of p21 and PCNA in the nucleus of normal and repair-deficient human cells indicates that p21 and PCNA interact during post-damage events.